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(54) OBJECTIVE LENS 

(57)Abstract: 

PURPOSE: To provide the objective lens which has a 
high power and a high NA and has various aberrations, 
especially, the chromatic aberration corrected without 
using multiple cemented lenses or abnormal dispersion 
glass by including one diffraction type optical element 
and one cemented lens. 

CONSTITUTION: This objective lens includes at least 
one sheet of diffraction type optical element and one 
cemented lens. For the purpose of satisfactorily 
correcting the chromatic aberration, at least one sheet of 
diffraction type optical element satisfies conditions 
D1/D>0.8 and (hxf)/(Lx|)>0.07 where D1 is the marginal 
luminous flux diameter to the position of the diffraction 
type optical element and D is the maximum marginal 

luminous flux diameter and (h) is the principal ray height on the surface of the diffraction type 
optical element and (f) is the focal length and I is the maximum image height on the specimen 
surface and L is the same focal length. Thus, the lens system is obtained, which has a high 
NA and a high power and has various aberrations, especially, the chromatic aberration 
satisfactorily corrected. 
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# (1) , (2) mi^tm^mi(DM^u>x. 

(1) Di /D>0. 8 

(2) (hX f) / (LX I) >0. 0 7 



[0 0 0 1] 
[0 0 0 2] 

nsio 0 = n * sin 0 ' 



* [0 0 0 3] Sifi7t^«^i:UTlHltFT^7t^5fl^ (DO 

-t^WhrnthX. 4^reBB6 3- 7 7 0 0 3^. 4^158 
6 3- 1 5 5 4 3 2^, W^gSffaS 9-3 3 6 3 6-^, 1$ 
MPS 60-247611-^. 4*M¥2- 1 10 9^. # 

ffl¥4 - 3 6 1 2 0 1 ^(^&ii^(iE«$n;/:tt)(^^7:i^ 
[0 0 0 4] xflafa(0(5iST3Sife^*j^ b;tiHiwsi7t^3S 

iffractive Optics Element 
s (DOE) ] tS, :t7^ha-^X«:^fTC0 r3t^x1f 

William C. Sweatt^ ITNEWMET 
HODS OF DESIGNING HOLOGRA 
PHIC OPTICAL ELEMENTSil (SP 
IE. VOL. 126. P 4 6-5 3, 1 9 7 7) ^(C 

20 [0 0 0 5] Wl^dy^^ii'yT^t. ^ 1 6 (C*5(.iT*C0 
[0 0 0 6] 



(1) 



^ [0 0 0 7] lHl5f:^#i-r(i. 0l 7coi;5lz3t(i 
[0 0 0 8] 

nsin sin 0' =mA/d (2) 

30 



[0 0 0 9] ±|HOiC (2) \Z^-:>X^miWS\^'^^ 



[0 0 10] 'A\z±B<Dx^rm^myt^m^^&mt 

[0 0 11] ®^^(0»^l^>XOJg'&, (3) 
[0 0 12] 

l/f= (n-1) (l/ri-l/rz) (3) 
fc;et, f n . f^*>!r Alt®<hl*m i!ri:TI2<^.i:^ tCiC (4) 

gcoffi^^g, ntlU>XO®5f^T&^o [0 0 14] 

[0 0 13] (3) CDi^ja^5SSAICT^:9"r^TV 

di/dA=-f (dn/dA) / (n-1) 

A f =- f {An/ (n-1) ) (4) 
^CX%^m^m^^m< t. An/ (n-1) ♦8tfl*'5o 
«ftt^£:^t:>'rc:i:lCAci:^OT, ^mmv ^:k<DX^\Z^^ [0 0 15] 

v= (n-1) /An (5) 
Lfc:O^^TpT«^ICi5tt^5^^®#tt (y^^^Scvd ) fS * [0 0 16] 
'AO^olZU^. * 

Vd = (nd -1) / (np -nc ) (6) 

myt^mi'omjiimm f \t. xm^w-ff^o^mMh [0017] 
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f = h/ (n' sin 0' ) = (dh h) / (mA) 
f=C/A (C«5e») T^^o C(Of=C/k<0 [00 18] 

mm^ xnm^-r^t^Ao^oizLx^ (s) i!}m^t\* 

d f/d A = -C/A2 f/A 

Af=:-f (AA/A) (8) 
An/ (n-1) -vT&^c^T, ^ (4) (8) t ^O-^mM-^iDJ y^SCVi 
75^6 v = A/A AT^5. L;t;!>^oT. InlWliTt^Jg^^ [0 0 19] 
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(7) 



Vd =Ad / (Ap -Ac 
[0 0 2 0] mmVt^m<D3'^. #^PS6 3 - 7 7 0 0 

3 ^mm 63-155432^. ^psbs 59-33 
6 3 6^, 4*sffa6 0-2 4 7 6 1 m(ikm(Du>x^ 

\t. ^^tn%^y'^X^<D}dy^7yZfU>X\zmr^ 
fcco^^O, [Hltffll^^5R^l-2t5:. iaSr^^ 
(1/>X) iVct^^m^^mi'i^xriyxy)^ 

[0 0 2 1] ^Tz. #PI¥2- 1 1 0 9-^. i|fgS¥4- 
3 6 1 2 0 l-^^2ifflOV>X?^fi, t<^mt);^X!y/^- 

ffl«o#ffl^2 - 1 1 0 9^'Jim<ou>xmt. m&s 
\zM^m^^^^MmLrz;it^!^mtvx:^Ki. 
o<$Bg¥4 - 3 6 2 0 1 ^^jk^0u>xmt. \^mmyt 

[0 0 2 2] Lt}^L. :inib<D^^m\t. Mv^Tv^f 

^^^<jyW(Wmmvyx\z\mmh%^'simi\t 
^^ff^. iisfs^, %\^{^ommmMmvyx\z\mmv^ 

[0 0 2 3] 

b\zm^^. w\z&iR^^miEvrzM^u>x^mm'r 

[0 0 24] 

iittu>x^^tszt^^mtt^h(Dx. 



) =-3, 4 5 3 (9) 

10 mM:^m\ZWEhtz%(J>X^^. 

[0 0 2 5] mnonmv>x\t. mis.^7y^^<Dm 

^£MiELTVi-S. -?-L'Tffl«CD^«c07^y^»(3:2 0- 
9 5Tt.i-rnt)iEOMT^^o -;^I11*?^^*^T07 

[0 0 2 6] ^tz. ^mM^VyXX\t^m^^7if-^ 

^rz^<Dmxithm^^h<Df)^^^i^rz^. cn^bo 
1^^uyx^^K>MMr3i^<DtLx^>^. :i<D!^mh\Bl 
tfim^^^'f'^m^K 'to±^y3im'^6^mi^^mmLx 

M^t^::tf)^x^^. 

[0 0 2 7] ^Tz. mNA ' mmmmmuyxcD&m 
sE^iBiifxmyt^m^f^ifxnot. ^cD/ty-^&tsso^ 

tz)(om^uyx^m^^^zt\zj:'D xm^myt^^i^ 

[0 0 2 8] '^\z^^m^m\z^m-^tz^\z\t. * 
(1) , (2) ^m^t^^tt^^h^\ 

[0 0 2 9] 

(1) Di /D>0. 8 

(2) (hX f) / (LX I) >0. 0 7 

fztzL. Di \tmmm^^m=f'(o^mxo-^-i^i')v^ 
=f'(omx(D^%Wi^. f\tmmm. wm^mxoB. 
[0 0 3 0] eiR^n, i^^<^nxm±.^^mtm^ 
nx. ^^um^^m (^m coisgtc^^srnTs^ 

[0 0 3 1] :in^fe«gco^-^. W±6iRScDffiiE^ 

fi, ®0:gT$t5;&^ iEM\zn&.mxh^^^^mtis.<. 

5^? $#iaUT)£5e>fc(^;&^gSIB^f|: (1) Xh^. ^(Dm 
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if$ffi¥6- 3 3 1 8 9 8 



(1) ici5(.iT, ymoo, s&sr\zf3.^ti&<Dm^m 

[0 0 3 2] -:^f6^c^eJKS$ffliEf -scotch t>«4* 
S^^^fcOf)^^^ (2) T*§o C<D^f^ (2) 

di*r. m^m^^m'f'\zm^u>x^^<m\^^rty). 
m\^^rzct\z^^^^t}^+^mibnrj:\.\ t^^t^ (2) 

[0 0 3 31 &.±)&^rc^^\Z. :^%moMmU>X\Z 

iBco^fr (1) , (2) ^^jsTsttetcEe-r'Sci.i: 
mz&i\sL^^~m!^mzm]E'r^±'X!^y)»^v 

[0 0 3 4] f^. l^VX^Sfl'fC^^WVX^lHlfffi/Tt^ 

XoTy^Sn^^vti^rm^ft- (3) ^^^•r'S)e:<h^t 

[0 0 3 5] (3) Av>20 
Avfj^ZO^ft- (3) 2 0 J:D/MC;^^<i:»'^ 

\^>x\z^:b&i&m<DmiEi^mt)^+^{zr£r). mmm 

[0 0 3 6] StdHj^H^^S^H, ^0t&i^m[^^ft* 
(nn - 1) d z 
fcr^L. no ti*>;l/h^-A'r -iyrv^X v>x 
co®Sf$, z (S'>;l/h^-A-f ^>=fy^7. U>X 

<D^m:^\^<Dmm. h\mm^(b<Dmm. n, n' j^-e 



i: <fc D ® U >Xt^m<Of^m C 

?!)«WtgTS^o XiBW^5^:«illl/>Xli, fiiRM(OffliE 
;!i^pJig-Cfe^*^\ ^lg^tcf!lf^pJi6;^M»f^5}^:?»3l/l^>X 

jj^e.nT*5D, xm^m'p^^mizn-i'^M^^bmrsi 

mm^^m V >X J: 0 'bffin;tiR^?fiEtB;fj S^f ^ 
tc. ^n^*figiW>X(cffli.^^c:i:('j:oT. ^ife^w> 

[0 0 3 7] 

[^JSOT 'jK\zim'^o^^m^\\z-D\^^xmm'^. 

20 (DOE) ligE(cM^;tjiDcofe(^Tab'5*^ r 

"^JI^h^-A-r -r>X!y^X^ (u 1 t r ah i gh 
index me t h o d s ) i:P?an'£)t)C07)^^5I6 

^\^^X\X. SPIE 1 2 6#4 6 - 5 3M (1 9 7 7 

\zwM'^ixx\^^tm2^^m^^xmmzmA't 
^2 o(c*5i.iTi(i»^;i.h^-A^ Ox'yi:?^ 

y^^x vyx\z^\,^x\t. *(Dic (11) TSb^n 

[0 0 3 8] 

/dh = nsiD B-n" sin 0' (i i) 

^COx-^-T^Sno = 1 0 0 IXtil 0 0 0 1 tUTli 

[0 0 3 9] S (2) (11) ;>ie*cDSC (1 

2) 

[0 04 0] 



(hd - 1) d z/dh=mA/d 



Tpc^hT'^/^^hcOKtCfiS; (1 2) -c^A^n^^tfgll^ 
c:cDS^jii;r'>;i/hv-A-r ^yfv^ 

z==ch^ / [ {l-c^ (k+1) 
+ Diiio+ • • . . 

)^:^\^0mm^. c\tmmm(oii^m. k\tp=\m^s^x so 



(1 2) 



irl&tb^Ztt}^X^^<DX^^o 

[0 0 4 1] -iKW;5:tt««;|^l^Hti. rm(D^o\zm 

[0 0 4 2] 

] ^j^Yi* +Bh« +Ch« 
(1 3) 

A, B. C, D • • '\t^^, 4^*:. 6*, 8*. 10 
[0 0 4 3] S (12) , (13) ctD*S3t*liStC*5 
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(5) #ffi¥6-3 3 1 8 9 8 

7 8 

\^^}immmt^mom^m^^fik=fo}±v=^d\t. * (i 4) -c^b^n-s, 

d=mA/ [ (n-1) {ch/ (1-c^ (l + k) ) '^^ +4Ah' + 
6Bh5+8Ch'+10Dh9 + •...)] (14) 



ro 


=oo {^^W) 


do 


=0.17 


no 


=1.521 


vo 


=56. 02 


r 1 


=oo 


di 


=0. 12 


ni 




(^) 


r 2 


=oo 


d2 


=2.5814 


n2 


=1.596 


V 2 


=39.3 


rs 


=-2. 0016 


da 


=0. 15 












=-6. 6313 


d4 


=2.2727 


n3 


=1.678 


V 3 


=55.34 


rs 


=-4.4815 


ds 


=0. 15 










re 


=7. 2872 


dfi 


=3. 7582 


n< 


=1.488 


V -1 


=70.21 


r 7 


=-5. 6995 


d7 


=1.0 


ns 


=1.678 


V 5 


=55.34 


rs 


=8. 2626 


ds 


=3. 3432 


ne 


=1.497 


V 6 


=81. 14 


re 


=-9. 3735 


d9 


=0. 15 










r 10 


=oo 


d 1 0 


=1.5 


n 7 


=1.516 


V 7 


=64. 14 


r 1 1 


=oo 


di. 


=0 










r 12 


=-5.5443 xiO«(DOE)d 


12=0. 15 


[nu 


=10001] 






r 13 


=8. 6431 


d 1 3 


=1.0 


ns 


=1.678 


V 8 


=55.34 


r n 


=4. 7497 


d M 


=4. 2904 


ns 


=1.497 


V 9 


=81. 14 


r 15 


=-5. 7355 


di6 


=1.0 


n 1 0 


=1.596 


V 10 


=39. 29 


r 16 


=-55. 2542 


d 1 6 


=0. 15 










r 17 


=12. 1862 


di7 


=2. 2382 


nil 


=1.497 


V 11 


=81. 14 


r 18 


=-14. 3804 


d 1 8 


= 7.0 


n 12 


=1.596 


V 12 


=39. 29 


r 19 


=7. 3769 


d 1 9 


=8. 5761 










r 20 


=-2. 9707 


d 20 


=2.0598 


n 13 


=1.678 


V 13 


=55.34 


r 21 


=11. 1831 


d 2t 


=7.0 


n 13 


=1.596 


V M 


=39.3 



r22 =-7. 1268 

(DOEM) [0 0 4 5] ^mm2 

K=-l. A =0.282845X10-8, B =-0. 695088 X 10* ji.'^lffili=9nim , NA=0.6(^K^) , fS^=20, l^ji^ 

C =0.643649X10-^1 , D =-0.321846 XIQ-^^ ^=45iimi 

Di /D=0.99, (hxf) / (LX I) =0.064 , S ^*Mg:^«igf=0.25Dim 

/htf!y^=130 am 



To 


= CX3 


do 


=0. 17 


no 


=1.521 


Vo 


=56.02 


ri 


=oo 


di 


=0. 12 


n 1 


, Vi 




r2 


=oo 


d2 


=1.0 


n2 


=1. 516 


V 2 


=64. 15 


r3 


=oo 


da 


=1.3056 










r^ 


=-3. 8226 


d4 


=1.5 


n3 


=1.744 


V 3 


=44. 79 


rs 


=-96.9912 


ds 


=2. 2154 


n^ 


=1. 755 


V 4 


=27. 51 


re 


=-5.4626 


de 


=0, 15 










r 7 


=-19.8772 


d7 


=2.2181 


ns 


=1.487 


V 5 


=70.21 


r8 


=-6. 7810 


ds 


=0.15 










rs 


=-8. 6681 


d9 


=1.5 


ne 


=1.639 


V 6 


=34.48 


r 10 


=61. 1760 


d 1 0 


=3.7076 


n? 


=1.487 


y 7 


=70. 21 


r 11 


=-7.8096 


dii 


=0. 15 










r 12 


=58. 3918 


d 1 2 


=3.5924 


ns 


=1.487 


V 8 


=70.21 


r 13 


=-9. 6113 


di3 


=1.5 


ng 


=1. 749 


1/9 


=34. 96 


r M 


=-41. 0966 


d,. 


=0.15 
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(6) 4$ra¥6-3 3 1 8 9 8 

9 10 

ri5 =19.2027 di5=1.5 nio=L603 vio=42.32 

ri6=11.9017 di6 =3.6322 nii=1.487 vii=70.21 
r 17 =-76.0706 di7=0.15 

r 18 =-800896. 0617 (DOE) di8=0 [no =1001] 

ri9=oo di9=2.0 ni2=L516 Vi2=64,15 
120 =00 d 20 =14. 1927 

121=23.9945 d2i=2.9486 ni3 =1.762 Vi3=40.1 

r22 =-31. 1050 d 22 =1.5 ma =1.487 v 14=70.21 
r23 =10. 0681 

(DOE®) i^?* [0 0 4 6] ^ig«fiJ3 

K=-l, A =0. 263441X10- B=-a964788 XIO'O mMMm=Z.^m , NA=0.75, ^&^=50, (5l^|gl[= 

C=-0,315285 xiO-^3 ^ D=-0,299622 XIO^^^ ^t^^ 

Di /D=0.99, (hx f ) / (LX I) =0.205 . g S*ffiS;'c4ftS5=0. 265mD 



To 


=oo 


do 


=0.9498 










r 1 


=-2.2690 


di 


=4.0409 


n 1 


=1.678 


V 1 


=55.34 


Xi 


=-3. 4762 


d2 


=0.1 










r 3 


=16. 9526 


d3 


=3. 3974 


n2 


=1.487 


V 2 


=70, 21 


r4 


=-9. 1604 


d4 


=0.1 










rs 


=-28. 7293 


ds 


=1.8 


ns 


=1. 596 


V 3 


=39. 29 


re 


=6.5830 


dfi 


=4.4396 


n4 


=1.487 


V 4 


=70. 21 


r? 


=-15.6408 


dr 


=0.1 










ra 


=00 


d8 


=1.0 


ns 


=1, 516 


V S 


=64. 15 


rg 


=oo 


d9 


=0 










Iio 


=-5,7585 X10« 


(DOE) d 


10=0.1 


[n 


0=10001] 






r 11 


=20. 2252 


dii 


=3.6611 


ne 


=1.487 


V 6 


=70, 21 


ri2 


=-10. 5398 


d 1 2 


=1.8 


n7 


=1.596 


V 7 


=39. 29 


ri3 


=10. 7283 


d 13 


=3.4719 


na 


=1.487 


V 8 


=70. 21 


ri4 


=-28. 0713 


di4 


=9. 5097 










r 15 


=24. 5125 


di5 


=3. 5584 


no 


=1.596 


V 9 


=39. 21 


ri6 


=-8. 897 


d 16 


=1.8 


n 10 


=1.498 


V 10 


=65,03 


ri7 


=-18, 2382 


diT 


=4.0127 










ri8 


=-7. 0308 


d 1 8 


=1.8 


nn 


=1.498 


V 1 1 


=65.03 



r:9=15. 1697 

(DOE®) [0 0 4 7] ^mmA 

K=-l. A =0, 885874X10- B =-0. 373681 X 10' ' <> |l;a^8i=3. 6nini , NA=0.75, fg^=50, [^*I^SI= 

0=0.171463X10-11 . D =-0.455259 XlQ-ia 45111^ 

Di /D=0.98, (hx f) / (LX I) =0.071 , M ^*®M;^lfeai=0. 265iniD 

/J\tr^:/^=80 tiui 



ro 


=00 


do 


=0.9145 








r 1 


=-2. 6605 


di 


=4. 1491 


ni =1.678 


V 1 


=55.34 


Xi 


=-3. 3609 


d2 


=0.1 








rs 


=59.4216 


da 


=3.9495 


n2 =1.617 


V 2 


=62.8 




=-4. 8439 


d4 


= 1.8 


n3 =1.596 


V 3 


=39.29 


rs 


=8. 9186 


ds 


=4.4558 


n4 =1.439 


V 4 


=94.96 


re 


=-11,2459 


d6 


=0.1 








Xi 


=00 


d7 


=1.0 


ns =1.516 


V 5 


=64. 15 




=00 


da 


=0 








19 


=-7.2979 X10^(D0E)d 


9 =0.1 


[nu =10001] 






rio 


=19. 9999 


d 1 0 


=3.4234 


ns =1.439 


V 6 


=94.96 
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(7) 



3 3 18 9 8 



d 11 =14.4364 

d 12 =6.0 ni =1.596 
d 13=3.0881 

d 14 =2. 7072 ns =1.498 



11 

T 1 1 =-21. 6675 
r 12 =103. 5371 
r 1 3 =-11. 7543 
ri4=-6. 5185 
r 15 =17.4388 

(DOEffi) 

K=-l, A=0. 136333X10-8, B=-0.205407 X10-'« 
0=0.275330X10-^2 ^ D =-0.502831 XIO'^^ 
Di /D=0.96. (hX f) / (LX I) =0.076 . m 
/Mf!y^=157 Mm 10 

[0 0 4 8] mmis 

^.•^lgSI=36iniD, NA=0.20. <g^=10. f^J^[EBS=10 



12 



V7 =39.29 



V8 =65.03 



S i O2 

S i O2 

[nn=1001] 
S i O2 

C aF2 
S i O2 

S i O2 

S i O2 



20 



S*ffiS:*:»fi5=0.8imn 
ro =00 do =10.8729 

ri =-10.1528 di =7.0 

12 =-12.8207 d2 =0.2 

r3 =1185.9548 ds =7.0 

Ti =-20.8861 d4 =9.6560 

rs =166976. 3323(D0E)d 5 =0 
re =00 d6 =3.0 

Ti =00 d? =36.8382 

re =18.3786 da =5.2879 

T9 =-14.5637 dg =5,2019 

r 10 =15.9489 d 10 =3. 5421 

r 1 1 =-9. 8983 d 1 1 =6. 6329 

ri2 =-12.7649 d 12 =0.2 

r 1 3 =-107. 5879 d 1 3 =3. 4872 

r 14 =-38.6725 

Di /D=0.69. (hX f) / (LX I) =0.344 , ;g 30 
/jNtr-i5^=8.9 um 

TzTzb. ro, ru r2- • • ti^MOft^^g. do, 
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